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(54) COLLISION AVOIDANCE SYSTEM AND COLLISION AVOIDANCE METHOD

(57) The purpose of the present invention is to in-
crease the likelihood of avoiding a collision between a
host vehicle and a following vehicle by appropriately
maintaining an inter-vehicle distance between the host
vehicle and the following vehicle. A host vehicle is pro-
vided with a detection device (20) that detects the be-
havior of an object in the surroundings of the host vehicle
in a non-contact manner. The host vehicle is also provid-
ed with the following: a warning device (40) that performs
a warning operation pertaining to a warning directed at

a following vehicle that is traveling behind the host vehi-
cle; and a control device (30) that controls the warning
device (40) on the basis of the result of detection by the
detection device (20). The control device (30) controls
the warning device (40) so as to perform the warning
operation in a case where the result of detection by the
detection device (20) indicates that the behavior of an
object in the surroundings of the host vehicle corre-
sponds to an unnatural behavioral pattern.
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Description

Technical Field

[0001] The present invention relates to a collision
avoidance system and a collision avoidance method.

Background Art

[0002] Warning a following vehicle in the case where
there is the possibility of a collision can be considered
as a method for avoiding a collision between a host ve-
hicle and the following vehicle.
[0003] Patent Document 1 discloses a driving assist-
ance device that prevents the occurrence of driving errors
caused by tailgating by a following vehicle. With the de-
vice according to Patent Document 1, it is determined
that tailgating is occurring when a state in which an inter-
vehicle distance is less than or equal to a predetermined
inter-vehicle distance continues for greater than or equal
to a predetermined fixed length of time.

Citation List

Patent Document

[0004] Patent Document 1: Japanese Unexamined
Patent Application Publication No. 2010-271906A

Summary of Invention

Technical Problem

[0005] However, there are cases where the occur-
rence of tailgating cannot be correctly determined simply
by determining the inter-vehicle distance and the dura-
tion. Furthermore, there are other types of dangerous
driving aside from tailgating, and there are situations
where such dangerous driving cannot be determined by
the inter-vehicle distance and the duration. Therefore,
reliably detecting unnatural behavior in vehicles and the
like in the surroundings of the host vehicle and making
a warning is thought to be important with respect to in-
creasing the likelihood of avoiding a collision between a
host vehicle and a following vehicle.
[0006] Having been conceived in light of the foregoing,
the present invention has an object to provide a collision
avoidance system and a collision avoidance method ca-
pable of increasing the likelihood of avoiding a collision
between a host vehicle and a following vehicle.

Solution to Problem

[0007] A collision avoidance system according to an
aspect of the present invention includes a detection de-
vice, a warning device, and a control device. The detec-
tion device is provided in a host vehicle and detects be-
havior of an object in the surroundings of the host vehicle

in a non-contact manner. The warning device carries out
a warning operation pertaining to a warning directed at
a following vehicle traveling behind the host vehicle. The
control device controls the warning device on the basis
of a detection result from the detection device.
[0008] The control device controls the warning device
to carry out the warning operation in the case where the
behavior of the object indicated by the detection result
corresponds to an unnatural behavioral pattern.
[0009] Preferably, the control device includes a stor-
age unit, a behavior analysis unit, and a comparison unit.
The storage unit stores behavior data pertaining to the
unnatural behavioral pattern. The behavior analysis unit
analyzes the behavior of the object on the basis of the
detection result. The comparison unit compares the be-
havior data stored in the storage unit with analysis result
data corresponding to an analysis result from the behav-
ior analysis unit, and controls the warning device in the
case where a result of the comparison made by the com-
parison unit indicates that the analysis result data and
the behavior data match.
[0010] Preferably, the object in the surroundings of the
host vehicle is another vehicle aside from the host vehi-
cle. The unnatural behavioral pattern includes at least
one of a behavioral pattern indicating it is possible that
a driver has fallen asleep at the wheel, a behavioral pat-
tern indicating it is possible that a driver is intoxicated,
and a behavioral pattern corresponding to dangerous
driving. The storage unit stores data pertaining to the
unnatural behavioral pattern exhibited by the another ve-
hicle as the behavior data.
[0011] The detection device may include a radar unit
that outputs, as the detection result, a measurement sig-
nal based on reflection waves received after emitting
electromagnetic waves toward the object in the surround-
ings of the host vehicle. The behavior analysis unit may
carry out predetermined computational processing on
the basis of the measurement signal and output a result
of the computational processing as the analysis result
data.
[0012] The behavior analysis unit may carry out a com-
putation for finding a change or a rate of change in a
value indicated by the measurement signal.
[0013] The detection device may include an imaging
unit that captures an image of the object in the surround-
ings of the host vehicle, and outputs, as the detection
result, an image signal based on the image captured by
the imaging unit. The behavior analysis unit may carry
out predetermined image processing on an image based
on the image signal and output a result of the image
processing as the analysis result data.
[0014] The behavior analysis unit may carry out a com-
putation for finding a change or a rate of change in a
value found from the image based on the image signal.
[0015] The object may include a following vehicle
traveling behind the host vehicle.
[0016] The object may include a leading vehicle
traveling in front of the host vehicle.
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[0017] The warning operation may include at least one
of an operation of making a predetermined display di-
rected at the following vehicle and an operation of out-
putting a predetermined sound directed at the following
vehicle.
[0018] The warning operation may include an opera-
tion of transmitting, to the following vehicle, a signal for
causing another warning device provided in the following
vehicle to operate.
[0019] The control device may further include a can-
cellation unit that stops execution of the warning opera-
tion on the basis of a detection result for the behavior of
the host vehicle.
[0020] A collision avoidance method according an as-
pect of the present invention includes: a first step of de-
tecting behavior of an object in the surroundings of a
vehicle in a non-contact manner by a detection device
provided in the vehicle; a second step of determining
whether or not the behavior of the object indicated by a
detection result from the first step corresponds to an un-
natural behavioral pattern by a control device; and a third
step of carrying out a warning operation pertaining to a
warning for a following vehicle traveling behind the vehi-
cle on the basis of a determination result from the second
step by a warning device.

Advantageous Effects of Invention

[0021] According to the collision avoidance system
and the collision avoidance method of the present inven-
tion, an appropriate inter-vehicle distance between a host
vehicle and a following vehicle can be maintained by
making a warning to the following vehicle, which increas-
es the likelihood of avoiding a collision between the host
vehicle and the following vehicle.

Brief Description of Drawings

[0022]

FIG. 1 is a function block diagram illustrating a col-
lision avoidance system according to an embodi-
ment.
FIG. 2 is a diagram schematically illustrating an ex-
ample of a vehicle in which the collision avoidance
system according to the embodiment is provided.
FIG. 3 is a function block diagram illustrating the col-
lision avoidance system in a case where behavior is
detected using radar.
FIG. 4 is a flowchart illustrating an example of
processing performed by a behavior analysis unit in
a case where the collision avoidance system illus-
trated in FIG. 3 detects behavior using radar.
FIG. 5 is a function block diagram illustrating the col-
lision avoidance system in a case where behavior is
detected through image processing.
FIG. 6 is a flowchart illustrating an example of
processing performed by the behavior analysis unit

in a case where the collision avoidance system illus-
trated in FIG. 5 detects behavior through image
processing.
FIG. 7 is a diagram schematically illustrating opera-
tions performed by the collision avoidance system
illustrated in FIG. 2.
FIG. 8 is a diagram schematically illustrating another
example of a vehicle in which the collision avoidance
system according to an embodiment is provided.
FIG. 9 is a diagram schematically illustrating opera-
tions performed by the collision avoidance system
illustrated in FIG. 8.
FIG. 10 is a function block diagram illustrating a col-
lision avoidance system that does not make a warn-
ing using the warning device even in a case where
an unnatural behavioral pattern has been detected.
FIG. 11 is a flowchart illustrating an example of a
collision avoidance method carried out by the colli-
sion avoidance system according to an embodiment.

Description of Embodiments

[0023] Embodiments of the present invention will be
described in detail below with reference to the drawings.
However, the present invention is not intended to be lim-
ited by the embodiments. Furthermore, components of
the embodiments include components that may be easily
replaced by those skilled in the art or that are substantially
identical to components of the embodiments. In addition,
some of the constituents may not be used in some cases.

Collision Avoidance System

[0024] FIG. 1 is a function block diagram illustrating a
collision avoidance system according to the present em-
bodiment. As illustrated in FIG. 1, a collision avoidance
system 1 according to the present embodiment is pro-
vided in a vehicle, and includes a detection device 20, a
control device 30, and a warning device 40.
[0025] The detection device 20 detects the behavior
of an object in the surroundings of the vehicle (host ve-
hicle) in a non-contact manner. The object in the sur-
roundings of the host vehicle includes a vehicle traveling
in the surroundings of the host vehicle, such as a follow-
ing vehicle traveling behind the host vehicle, a leading
vehicle traveling in front of the host vehicle, or both the
following vehicle and the leading vehicle. In addition to
a vehicle traveling directly behind the host vehicle, the
following vehicle to be detected by the detection device
20 may be a vehicle traveling at the diagonal-rear or the
side of the host vehicle as well, for example. In addition
to a vehicle traveling directly in front of the host vehicle,
the leading vehicle to be detected by the detection device
20 may be a vehicle traveling at the diagonal-front or the
side of the host vehicle as well, for example. The following
will describe a case where the object in the surroundings
of the host vehicle is a vehicle, or in other words, is a
vehicle aside from the host vehicle.

3 4 
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[0026] The detection device 20 includes a radar device
(a millimeter wave radar device, a Doppler radar device).
The radar device is capable of detecting whether or not
an object is present behind a host vehicle 10 by emitting
radio waves (or ultrasonic waves) and then receiving the
radio waves (or ultrasonic waves) reflected by the object.
In addition to whether or not an object is present, the
radar device is capable of detecting a relative position of
the object (a relative distance and orientation) and a rel-
ative velocity of the object. Note that the detection device
20 may include at least one of a laser scanner and a
three-dimensional rangefinder. The detection device 20
may include an imaging device (a camera) capable of
detecting an object in a non-contact manner by acquiring
an optical image of the object. The detection device 20
carries out detection at a predetermined cycle (every one
second, for example).
[0027] The control device 30 controls the warning de-
vice 40 on the basis of a detection result from the detec-
tion device 20. The control device 30 controls the warning
device 40 so as to perform a warning operation in a case
where the detection result from the detection device 20
indicates that the behavior of an object corresponds to a
predetermined unnatural behavioral pattern. The control
device 30 includes a storage unit 31, a behavior analysis
unit 32, a comparison unit 33, and a warning device con-
trol unit 34.
[0028] The storage unit 31 stores behavior data per-
taining to unnatural behavioral patterns. The unnatural
behavioral patterns include at least one of a behavioral
pattern indicating it is possible that a driver has fallen
asleep at the wheel, a behavioral pattern indicating it is
possible that a driver is intoxicated, and a behavioral pat-
tern corresponding to dangerous driving such as mean-
dering, traveling on the shoulder, or sudden accelera-
tion/deceleration, and the like, for example. The storage
unit 31 stores data pertaining to such unnatural behav-
ioral patterns.
[0029] More specifically, detection results obtained by
the detection device 20 in cases where vehicles have
traveled in such unnatural behavioral patterns are ac-
quired in advance, and the storage unit 31 stores data
corresponding to those detection results. For example,
the detection results can be acquired from the detection
device 20 by actually driving two vehicles. The data cor-
responding to the unnatural behavioral patterns may also
be generated through vehicle travel simulations.
[0030] The behavior analysis unit 32 analyzes the be-
havior of a vehicle aside from the host vehicle by carrying
out predetermined processing on the basis of the detec-
tion result from the detection device 20, and outputs anal-
ysis result data for the behavioral pattern. The predeter-
mined processing is, for example, computational
processing of a measurement signal obtained by radar
or image processing of an image obtained through image
capturing.
[0031] The comparison unit 33 compares the behavior
data stored in the storage unit 31 with the analysis result

data corresponding to the analysis result from the behav-
ior analysis unit 32. The warning device control unit 34
controls the warning device 40 to make a warning in the
case where a result of the comparison made by the com-
parison unit 33 indicates that the analysis result data and
the behavior data match.
[0032] The warning device 40 carries out a warning
operation pertaining to a warning directed at a following
vehicle traveling behind the host vehicle. The warning
device 40 includes a warning display unit 41, a warning
sound output unit 42, and a warning signal transmission
unit 43.
[0033] The warning display unit 41 makes a warning
by lighting a lamp, displaying an image, or the like, for
example. Here, the lamp is not limited to a lamp originally
provided in the vehicle to satisfy traffic regulations. In
addition to lighting the lamp, the display of the image may
be carried out by flashing a lamp (for example, flashing
the brake lamps). The display of the image is carried out
by displaying a predetermined message in a display de-
vice using known LEDs, a liquid crystal display, or the
like, for example.
[0034] The warning sound output unit 42 makes a
warning by outputting a warning sound. The warning
sound includes synthesized voice.
[0035] The warning signal transmission unit 43 wire-
lessly transmits a control signal for causing another warn-
ing device provided in another vehicle such as the fol-
lowing vehicle to operate to that vehicle.
[0036] The vehicle that has received the control signal
from the warning signal transmission unit 43 operates
the warning device provided in that vehicle and makes a
warning to the driver of that vehicle.
[0037] FIG. 2 is a diagram schematically illustrating an
example of a vehicle in which the collision avoidance
system according to the present embodiment is provided.
[0038] As illustrated in FIG. 2, the host vehicle 10 is a
four-wheeled vehicle in the present embodiment. The
host vehicle 10 has two front wheels 12F and two rear
wheels 12R. The host vehicle 10 has a driver cab that a
driver occupies.
[0039] The host vehicle 10 includes the detection de-
vice 20 arranged in a rear part 13R of a vehicle body 11.
Therefore, the detection device 20 can detect a following
vehicle traveling behind the host vehicle 10 in a non-
contact manner. In addition to a vehicle traveling directly
behind the host vehicle, the detection device 20 may de-
tect a vehicle traveling at the diagonal-rear or the side
as well, for example, in a non-contact manner.

Detection of Behavior Using Radar

[0040] FIG. 3 is a function block diagram illustrating
the collision avoidance system in a case where behavior
is detected using radar. As illustrated in FIG. 3, the col-
lision avoidance system 1 according to this example in-
cludes a radar unit 21 in the detection device 20. The
radar unit 21 includes, for example, a radar device (a
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millimeter wave radar device or a Doppler radar device,
for example).
[0041] The radar unit 21 includes a transmitter and a
receiver (not illustrated), and can measure whether or
not another vehicle is present behind or in front of the
host vehicle 10 by emitting radio waves (or ultrasonic
waves) and then receiving the radio waves (or ultrasonic
waves) reflected by the object. In the case where the
radar unit 21 is provided in the rear part 13R of the vehicle,
a following vehicle is the object to be measured. In the
case where the radar unit 21 is provided in a front part
13F of the vehicle, a leading vehicle is the object to be
measured.
[0042] In addition to whether or not a vehicle is present,
the radar unit 21 can also measure relative positions (rel-
ative distances and orientations) of the host vehicle 10
and the other vehicle, as well as a relative velocity be-
tween the host vehicle 10 and the other vehicle. Note
that the radar unit 21 may include at least one of a laser
scanner and a three-dimensional rangefinder.
[0043] The detection device 20 outputs a measure-
ment result obtained by the radar unit 21 as a measure-
ment signal 210. The measurement signal 210 is the de-
tection result from the detection device 20. The meas-
urement signal 210 is inputted to the control device 30.
[0044] The behavior analysis unit 32 of the control de-
vice 30 sequentially carries out the predetermined com-
putational processing on the measurement signal 210.
For example, in the case where the measurement signal
210 indicates the relative positions of the host vehicle 10
and another vehicle, the behavior analysis unit 32 may
carry out a computation for finding a difference from a
value of the measurement signal 210, or in other words,
the relative distances and orientations, inputted the pre-
vious time (that is, a change in the value), or finding a
rate of change in the relative distances and orientations.
Meanwhile, for example, in the case where the measure-
ment signal 210 indicates the relative velocity between
the host vehicle 10 and another vehicle, the behavior
analysis unit 32 may carry out a computation for finding
a difference from the relative velocity indicated by the
measurement signal 210 inputted the previous time or a
rate of change in the relative velocity.
[0045] The behavior analysis unit 32 stores a prede-
termined number of computation results, and outputs a
pattern in the change of the above-described difference
or a pattern in the change in the above-described rate of
change found in the predetermined number of computa-
tions as the behavioral pattern analysis result data.
[0046] The comparison unit 33 compares the behavior
data stored in the storage unit 31 with the analysis result
data corresponding to the analysis result from the behav-
ior analysis unit 32.
[0047] The storage unit 31 stores, in advance, data
used for comparison with the analysis result data output-
ted by the behavior analysis unit 32, or in other words,
behavior data pertaining to unnatural behavioral pat-
terns. The unnatural behavioral patterns include a be-

havioral pattern indicating it is possible that a driver has
fallen asleep at the wheel, a behavioral pattern indicating
it is possible that a driver is intoxicated, a behavioral pat-
tern corresponding to dangerous driving such as mean-
dering, traveling on the shoulder, or sudden accelera-
tion/deceleration, and the like, for example.
[0048] Here, a pattern in which a difference or rate of
change in the relative orientation of another vehicle in-
creases gradually can be given as an example of a be-
havioral pattern indicating it is possible that the driver
has fallen asleep at the wheel. A pattern in which a dif-
ference or rate of change in the relative orientation of
another vehicle rises and falls repeatedly can be given
as an example of a behavioral pattern indicating it is pos-
sible that the driver is intoxicated. A pattern in which a
difference or a rate of change from the relative distance
and orientation of another vehicle changes suddenly or
a pattern in which a difference from the relative velocity
or a rate of change in the relative velocity of another ve-
hicle changes suddenly can be given as examples of
behavioral patterns indicating dangerous driving such as
meandering, traveling on the shoulder, or sudden accel-
eration/deceleration.
[0049] The comparison unit 33 reads out the behavior
data pertaining to the unnatural behavioral patterns from
the storage unit 31 and compares the readout behavior
data with the analysis result data corresponding to the
analysis result from the behavior analysis unit 32. The
warning device control unit 34 controls the warning de-
vice 40 to make a warning in the case where a result of
the comparison made by the comparison unit 33 indi-
cates that the analysis result data and the behavior data
match.
[0050] FIG. 4 is a flowchart illustrating an example of
processing performed by the behavior analysis unit 32
in a case where the collision avoidance system 1 illus-
trated in FIG. 3 detects behavior using radar. As illustrat-
ed in FIG. 4, the behavior analysis unit 32 acquires the
measurement signal 210 corresponding to the measure-
ment result from the radar unit 21 (step S201). Next, the
behavior analysis unit 32 carries out the above-described
computational processing on the measurement signal
210 (step S202).
[0051] The behavior analysis unit 32 stores a prede-
termined number of computation results, and outputs a
pattern in the change of the above-described difference
or a pattern in the change in the above-described rate of
change found in the predetermined number of computa-
tions as the behavioral pattern analysis result data (step
S203).
[0052] Through this processing, the collision avoid-
ance system 1 can detect the behavior of the other ve-
hicle using radar and make a warning to the following
vehicle in the case where the behavior corresponds to
an unnatural behavioral pattern.
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Detection of Behavior Using Image Processing

[0053] FIG. 5 is a function block diagram illustrating
the collision avoidance system in a case where behavior
is detected through image processing. As illustrated in
FIG. 5, the collision avoidance system 1 according to this
example includes an imaging unit 22 in the detection de-
vice 20.
[0054] The imaging unit 22 captures an image of an
object in the surroundings of the host vehicle and ac-
quires an optical image of the object. In the case where
the imaging unit 22 is provided in the rear part 13R of the
vehicle, an image of the following vehicle is captured. In
the case where the imaging unit 22 is provided in the
front part 13F of the vehicle, an image of the leading
vehicle is captured. The detection device 20 outputs an
image signal 220 based on the image captured by the
imaging unit 22. The image signal 220 is the detection
result from the detection device 20. The image signal 220
is inputted to the control device 30.
[0055] The behavior analysis unit 32 of the control de-
vice 30 sequentially carries out the predetermined image
processing on an image based on the image signal 220.
The behavior analysis unit 32 may carry out a process
for finding the relative position (relative distance and ori-
entation) of another vehicle from the image based on the
image signal 220, for example.
[0056] Alternatively, the behavior analysis unit 32 may
carry out a process for finding the relative velocity of an-
other vehicle from the image based on the image signal
220, for example.
[0057] The behavior analysis unit 32 may carry out a
process for finding a distance from a white line or a yellow
line indicated on a road from the image based on the
image signal 220, for example.
[0058] Alternatively, the behavior analysis unit 32 may
carry out a process for finding a distance from a wall on
the side of a road from the image based on the image
signal 220, for example. Walls on the side of roads are
often provided on highways. Therefore, a process for
finding a distance from a wall on the side of the road may
be carried out in the case where the host vehicle 10 is
traveling on a highway. Whether the host vehicle 10 is
traveling on a highway may be determined from informa-
tion from a car navigation system (not illustrated) installed
in the host vehicle 10, from position information obtained
from a GPS, a record of passing through a gate of an
electronic toll collection system (ETC), or the like.
[0059] The behavior analysis unit 32 may carry out a
computation for finding a difference from a value found
during the processing, or in other words, the relative po-
sitions of the host vehicle 10 and the other vehicle, carried
out the previous time (that is, a change in the value), or
finding a rate of change in the relative positions.
[0060] The behavior analysis unit 32 may carry out a
computation for finding a difference from the relative ve-
locity between the host vehicle 10 and the other vehicle
found from the processing carried out the previous time,

or finding a rate of change in the relative velocity.
[0061] The behavior analysis unit 32 stores a prede-
termined number of computation results, and outputs a
pattern in the change of the above-described difference
or a pattern in the change in the above-described rate of
change found in the predetermined number of computa-
tions as the behavioral pattern analysis result data.
[0062] The comparison unit 33 compares the behavior
data stored in the storage unit 31 with the analysis result
data corresponding to the analysis result from the behav-
ior analysis unit 32.
[0063] The storage unit 31 stores, in advance, data
used for comparison with the analysis result data output-
ted by the behavior analysis unit 32, or in other words,
behavior data pertaining to unnatural behavioral pat-
terns. The unnatural behavioral patterns include a be-
havioral pattern indicating it is possible that a driver has
fallen asleep at the wheel, a behavioral pattern indicating
it is possible that a driver is intoxicated, a behavioral pat-
tern corresponding to dangerous driving such as mean-
dering, traveling on the shoulder, or sudden accelera-
tion/deceleration, and the like, for example.
[0064] Here, a pattern in which a difference or rate of
change in the relative orientation of another vehicle in-
creases gradually can be given as an example of a be-
havioral pattern indicating it is possible that the driver
has fallen asleep at the wheel. A pattern in which a dif-
ference or rate of change in the relative orientation of
another vehicle rises and falls repeatedly can be given
as an example of a behavioral pattern indicating it is pos-
sible that the driver is intoxicated. A pattern in which a
difference or a rate of change from the relative distance
and orientation of another vehicle changes suddenly or
a pattern in which a difference from the relative velocity
or a rate of change in the relative velocity of another ve-
hicle suddenly changes can be given as examples of
behavioral patterns indicating dangerous driving such as
meandering, traveling on the shoulder, or sudden accel-
eration/deceleration.
[0065] The comparison unit 33 reads out the behavior
data pertaining to the unnatural behavioral patterns from
the storage unit 31 and compares the readout behavior
data with the analysis result data corresponding to the
analysis result from the behavior analysis unit 32. The
warning device control unit 34 controls the warning de-
vice 40 to make a warning in the case where a result of
the comparison made by the comparison unit 33 indi-
cates that the analysis result data and the behavior data
match.
[0066] FIG. 6 is a flowchart illustrating an example of
processing performed by the behavior analysis unit 32
in a case where the collision avoidance system 1 illus-
trated in FIG. 5 detects behavior using image processing.
As illustrated in FIG. 6, the behavior analysis unit 32 ac-
quires the image signal 220 corresponding to the image
capturing result from the imaging unit 22 (step S301).
Next, the behavior analysis unit 32 carries out the above-
described image processing on the image signal 220
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(step S302).
[0067] The behavior analysis unit 32 stores a prede-
termined number of computation results obtained
through the image processing, and outputs a pattern in
the change of the above-described difference or a pattern
in the change in the above-described rate of change
found in the predetermined number of computations as
the behavioral pattern analysis result data (step S303).

Detecting Behavior of Following Vehicle

[0068] FIG. 7 is a diagram schematically illustrating op-
erations performed by the collision avoidance system il-
lustrated in FIG. 2. In FIG. 7, arrows Y1 and Y2 indicate
traveling directions of a following vehicle 60 and the host
vehicle 10. As illustrated in FIG. 7, the detection device
20 of the host vehicle 10 detects the behavior of the fol-
lowing vehicle 60 in a non-contact manner. The control
device 30 controls the warning device 40 on the basis of
a detection result from the detection device 20.
[0069] In the case where the detection result from the
detection device 20 corresponds to a predetermined un-
natural behavioral pattern, the control device 30 controls
the warning device 40 to carry out a warning operation
pertaining to a warning directed at the following vehicle
60.
[0070] As described earlier, the warning device 40
makes a warning directed at the following vehicle 60 us-
ing the warning display unit 41 or the warning sound out-
put unit 42.
[0071] A warning can be made to the following vehicle
60 through the above-described processing in the case
where the behavior of the following vehicle 60 is unnat-
ural. As a result, the driver of the following vehicle 60 can
be notified that his/her behavior is unnatural, and the driv-
er of the following vehicle 60 can be expected to operate
the brakes or let up on the accelerator, thus making it
possible to maintain an appropriate inter-vehicle dis-
tance.
[0072] Additionally, the warning device 40 may wire-
lessly transmit a control signal from the warning signal
transmission unit 43 to the following vehicle 60. The fol-
lowing vehicle 60 receives the control signal from the
warning signal transmission unit 43 using a receiving unit
61, operates a warning device (not illustrated) provided
in the following vehicle 60 and makes a warning to the
driver of the following vehicle 60. As a result, the driver
of the following vehicle 60 can be expected to operate
the brakes or let up on the accelerator, thus making it
possible to maintain an appropriate inter-vehicle dis-
tance. Note that the following vehicle 60 that has received
the control signal from the warning signal transmission
unit 43 may operate the brakes or let up on the accelerator
regardless of operations performed by the driver.

Detecting Behavior of Leading Vehicle

[0073] FIG. 8 is a diagram schematically illustrating an-

other example of a vehicle in which the collision avoid-
ance system is provided, according to the present em-
bodiment. In FIG. 8, the configurations and operations
of the detection device 20, the control device 30, and the
warning device 40 are the same as those described with
reference to FIGS. 3 to 6.
[0074] As illustrated in FIG. 8, the present embodiment
differs from the example illustrated in FIG. 2 in that the
host vehicle 10 includes the detection device 20 arranged
in the front part 13F of the vehicle body 11. Therefore,
the detection device 20 can detect a leading vehicle
traveling in front of the host vehicle 10 in a non-contact
manner. In addition to a vehicle traveling directly in front
of the host vehicle, the detection device 20 may detect
a vehicle traveling at the diagonal-front or the side as
well, for example, in a non-contact manner.
[0075] FIG. 9 is a diagram schematically illustrating op-
erations performed by the collision avoidance system il-
lustrated in FIG. 8. In FIG. 9, arrows Y1 and Y2 indicate
traveling directions of the following vehicle 60 and the
host vehicle 10. As illustrated in FIG. 9, the detection
device 20 of the host vehicle 10 detects the behavior of
a leading vehicle 70 in a non-contact manner. The control
device 30 controls the warning device 40 on the basis of
a detection result from the detection device 20.
[0076] In the case where the detection result from the
detection device 20 corresponds to a predetermined un-
natural behavioral pattern, the control device 30 controls
the warning device 40 to carry out a warning operation
pertaining to a warning directed at the following vehicle
60.
[0077] As described earlier, the warning device 40
makes a warning directed at the following vehicle 60 us-
ing the warning display unit 41 or the warning sound out-
put unit 42.
[0078] Through the processing described above, the
host vehicle 10 may apply the brakes suddenly or make
an evasive maneuver in the case where the behavior of
the leading vehicle 70 is unnatural, and thus the following
vehicle 60 can be warned in advance. Accordingly, the
driver of the following vehicle 60 can be expected to op-
erate the brakes or let up on the accelerator, thus making
it possible to maintain an appropriate inter-vehicle dis-
tance.
[0079] Additionally, the warning device 40 may wire-
lessly transmit a control signal from the warning signal
transmission unit 43 to the following vehicle 60. The fol-
lowing vehicle 60 receives the control signal from the
warning signal transmission unit 43 using the receiving
unit 61, operates a warning device (not illustrated) pro-
vided in the host vehicle 10, and makes a warning to the
driver of the host vehicle 10. As a result, the driver of the
following vehicle 60 can be expected to operate the
brakes or let up on the accelerator, thus making it pos-
sible to maintain an appropriate inter-vehicle distance.
Note that the following vehicle 60 that has received the
control signal from the warning signal transmission unit
43 may operate the brakes or let up on the accelerator
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regardless of operations performed by the driver.

First Modified Example

[0080] In the collision avoidance system 1 described
above, an unnatural behavioral pattern is detected on
the basis of the relative positions of or the relative velocity
between the host vehicle and another vehicle.
[0081] Here, a case where the host vehicle merges
into a line of other vehicles, such as when the host vehicle
merges into a main lane of a highway, will be described.
In such a case, there are situations where the difference
or the rate of change in the relative positions of or the
relative velocity between the host vehicle and another
vehicle change suddenly.
[0082] In such a case, acceleration of the host vehicle
10 in a lateral direction (a direction orthogonal to a travel
direction) may be detected, and in the case where an
acceleration exceeding a predetermined threshold has
been detected, the warning device 40 may not make a
warning even in the case where an unnatural behavioral
pattern has been detected.
[0083] FIG. 10 is a function block diagram illustrating
a collision avoidance system 1a that does not make a
warning using the warning device 40 even in a case
where an unnatural behavioral pattern has been detect-
ed. As illustrated in FIG. 10, the collision avoidance sys-
tem 1a has a configuration in which an acceleration sen-
sor 50 and a cancellation unit 35 are added to the con-
figuration illustrated in FIG. 1.
[0084] The acceleration sensor 50 detects accelera-
tion of the host vehicle 10 in a lateral direction (a direction
orthogonal to the travel direction) and outputs an accel-
eration signal 500 indicating a value of the acceleration.
[0085] The cancellation unit 35 is provided in the con-
trol device 30. The cancellation unit 35 cancels the control
of the warning device 40 by the warning device control
unit 34 in the case where the value of the acceleration
indicated by the acceleration signal 500 exceeds a pre-
determined threshold value. In other words, a case where
the value of the acceleration indicated by the acceleration
signal 500 exceeds the predetermined threshold value
corresponds to a case where the host vehicle 10 is merg-
ing into a line of other vehicles or the like, and thus the
behavior of the other vehicles is not actually unnatural.
Therefore, the control of the warning device 40 by the
warning device control unit 34 is stopped in such a case.
In other words, the control device 30 stops the execution
of the warning operation on the basis of the detection
result regarding the behavior of the host vehicle 10.

Second Modified Example

[0086] The detection device 20 may be provided with
both the radar unit 21 and the imaging unit 22, and the
warning device control unit 34 may causes the warning
device 40 to operate only in the case where data from
the measurement result based on the measurement sig-

nal 210 (the relative positions or relative velocity) corre-
sponds to an unnatural behavioral pattern and data from
the measurement result based on the image signal 220
(the relative positions or relative velocity) corresponds to
an unnatural behavioral pattern.

Third Modified Example

[0087] The collision avoidance system 1 may find both
the relative velocity between the host vehicle 10 and the
leading vehicle 70 and the relative velocity between the
host vehicle 10 and the following vehicle 60, and may
detect unnatural behavior on the basis of a difference
between those relative velocities or a rate of change in
the relative velocities.

Fourth Modified Example

[0088] Additionally, the warning device 40 may make
a warning to the following vehicle 60 and may make a
warning to the driver of the host vehicle 10. Furthermore,
a reporting unit that makes a report to an external organ-
ization such as the police, a traffic information center, or
the like may be provided.

Collision Avoidance Method

[0089] FIG. 11 is a flowchart illustrating an example of
a collision avoidance method carried out by the collision
avoidance system according to the present embodiment.
As illustrated in FIG. 11, the detection device 20 detects
the behavior of an object in the surroundings of a vehicle
in a non-contact manner (step S101). The detection de-
vice 20 carries out detection at a predetermined cycle
(every one second, for example).
[0090] Next, the behavior analysis unit 32 analyzes the
behavior detected by the detection device 20 (step
S102). The comparison unit 33 reads out the behavior
data stored in the storage unit 31 (step S103), and com-
pares the behavior data stored in the storage unit 31 with
the analysis result data corresponding to the analysis
result from the behavior analysis unit 32 (step S104).
[0091] In the case where a result of the comparison
made by the comparison unit 33 indicates that the anal-
ysis result data and the behavior data match (YES in step
S105), the warning device control unit 34 controls the
warning device 40 to make a warning (step S106). The
process then ends.
[0092] In the case where the result of the comparison
made by the comparison unit 33 indicates that the anal-
ysis result data and the behavior data do not match (NO
in step S105), the warning device control unit 34 deter-
mines whether the comparison is complete for all of the
behavior data stored in the storage unit 31 (step S107).
In the case where it is determined that the comparison
is not complete for all of the behavior data (NO in step
S107), the comparison unit 33 reads out another piece
of the behavior data stored in the storage unit 31 (step
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S103), after which the same processing as that described
above is carried out.
[0093] In the case where it is determined in step S107
that the comparison is complete for all of the behavior
data (YES in step S107), the process ends. Note that the
processing described above is carried out periodically.

Reference Signs List

[0094]

1, 1a Collision avoidance system
10 Host vehicle
11 Vehicle body
20 Detection device
21 Radar unit
22 Imaging unit
30 Control device
31 Storage unit
32 Behavior analysis unit
33 Comparison unit
34 Warning device control unit
35 Cancellation unit
40 Warning device
41 Warning display unit
42 Warning sound output unit
43 Warning signal transmission unit
50 Acceleration sensor
60 Following vehicle
61 Receiving unit
70 Leading vehicle
210 Measurement signal
220 Image signal
500 Acceleration signal

Claims

1. A collision avoidance system comprising:

a detection device that is provided in a host ve-
hicle and detects behavior of an object in the
surroundings of the host vehicle in a non-contact
manner; a warning device that carries out a
warning operation pertaining to a warning direct-
ed at a following vehicle traveling behind the
host vehicle; and
a control device that controls the warning device
on the basis of a detection result from the de-
tection device,
the control device controlling the warning device
to carry out the warning operation in the case
where the behavior of the object indicated by
the detection result corresponds to an unnatural
behavioral pattern.

2. The collision avoidance system according to claim
1, wherein the control device includes:

a storage unit that stores behavior data pertain-
ing to the unnatural behavioral pattern;
a behavior analysis unit that analyzes the be-
havior of the object on the basis of the detection
result; and
a comparison unit that compares the behavior
data stored in the storage unit with analysis re-
sult data corresponding to an analysis result
from the behavior analysis unit, and
the control device controls the warning device
in the case where a result of comparison made
by the comparison unit indicates that the analy-
sis result data and the behavior data match.

3. The collision avoidance system according to claim
1 or 2, wherein
the object in the surroundings of the host vehicle is
another vehicle aside from the host vehicle;
the unnatural behavioral pattern includes at least one
of a behavioral pattern indicating it is possible that a
driver has fallen asleep at the wheel, a behavioral
pattern indicating it is possible that a driver is intox-
icated, and a behavioral pattern corresponding to
dangerous driving; and
the storage unit stores data pertaining to the unnat-
ural behavioral pattern exhibited by the another ve-
hicle as the behavior data.

4. The collision avoidance system according to any one
of claims 1 to 3, wherein the detection device in-
cludes a radar unit that outputs, as the detection re-
sult, a measurement signal based on reflection
waves received after emitting electromagnetic
waves toward the object in the surroundings of the
host vehicle; and
the behavior analysis unit carries out predetermined
computational processing on the basis of the meas-
urement signal and outputs a result of the computa-
tional processing as the analysis result data.

5. The collision avoidance system according to claim
4, wherein
the behavior analysis unit carries out a computation
for finding a change or a rate of change in a value
indicated by the measurement signal.

6. The collision avoidance system according to any one
of claims 1 to 3, wherein the detection device in-
cludes an imaging unit that captures an image of the
object in the surroundings of the host vehicle, and
outputs, as the detection result, an image signal
based on the image captured by the imaging unit;
and the behavior analysis unit carries out predeter-
mined image processing on an image based on the
image signal and outputs a result of the image
processing as the analysis result data.

7. The collision avoidance system according to claim
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6, wherein
the behavior analysis unit carries out a computation
for finding a change or a rate of change in a value
found from the image based on the image signal.

8. The collision avoidance system according to any one
of claims 1 to 7, wherein the object includes a fol-
lowing vehicle traveling behind the host vehicle.

9. The collision avoidance system according to any one
of claims 1 to 7, wherein the object includes a leading
vehicle traveling in front of the host vehicle.

10. The collision avoidance system according to any one
of claims 1 to 9, wherein
the warning operation includes at least one of an
operation of making a predetermined display direct-
ed at the following vehicle and an operation of out-
putting a predetermined sound directed at the fol-
lowing vehicle.

11. The collision avoidance system according to any one
of claims 1 to 9, wherein
the warning operation includes an operation of trans-
mitting, to the following vehicle, a signal for causing
another warning device provided in the following ve-
hicle to operate.

12. The collision avoidance system according to any one
of claims 1 to 11, wherein
the control device further includes a cancellation unit
that stops execution of the warning operation on the
basis of a detection result for behavior of the host
vehicle.

13. A collision avoidance method comprising:

a first step of detecting behavior of an object in
the surroundings of a vehicle in a non-contact
manner by a detection device provided in the
vehicle;
a second step of determining whether or not the
behavior of the object indicated by a detection
result from the first step corresponds to an un-
natural behavioral pattern by a control device;
and
a third step of carrying out a warning operation
pertaining to a warning for a following vehicle
traveling behind the vehicle on the basis of a
determination result from the second step by a
warning device.
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